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Abstract

Background: Chronic kidney disease (CKD) is increasing worldwide and early education to improve adherence to
self-management is a key strategy to slow CKD progression. The use of the internet and mobile phone technologies
(mHealth) to support patients is considered an effective tool in many other chronic disease populations. While a
number of mHealth platforms for CKD exist, few studies have investigated if and how this population use
technology to engage in self-management.

Methods: Using a cross-sectional design across five health districts in Queensland (Australia), a 38-item self-report survey
was distributed to adults with CKD attending outpatient clinics or dialysis units to measure current use and
type of engagement with mHealth, perceived barriers to use, and opportunities to support CKD self-management. Odds
ratio (OR) were calculated to identify associations between demographic characteristic and mHealth use.

Results: Of the 708 participants surveyed, the majority had computer access (89.2%) and owned a mobile phone (83.5%).
The most likely users of the internet were those aged ≤ 60 years (OR: 7.35, 95% confidence interval [CI]:
4.25–12.75, p < 0.001), employed (OR: 7.67, 95% CI: 2.58–22.78, p < 0.001), from non-indigenous background
(OR: 6.98, 95% CI: 3.50–13.93, p < 0.001), or having completed higher levels of education (OR: 3.69, CI: 2.38–5.73, p < 0.001).
Those using a mobile phone for complex communication were also younger (OR: 6.01, 95% CI: 3.55–10.19, p < 0.001),
more educated (OR: 1.99, 95% CI: 1.29–3.18, p < 0.01), or from non-indigenous background (OR: 3.22, 95% CI: 1.58–6.55,
p < 0.001). Overall, less than 25% were aware of websites to obtain information about renal healthcare. The mHealth
technologies most preferred for communication with their renal healthcare teams were by telephone (56.5%), internet
(50%), email (48.3%) and text messages (46%).

Conclusion: In the CKD cohort, younger patients are more likely than older patients to use mHealth intensively and
interactively although all patients’ technology literacy ought to be thoroughly assessed by renal teams before
implementing in practice. Further research testing mHealth interventions to improve self-management in a
range of patient cohorts is warranted.
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Background
Self-management requires individuals to know how to
monitor their disease, manage symptoms, interpret re-
sults of home-monitoring therapies, and to carry out
daily treatment plans including adhering to complex
medication regimens, dietary and fluid restrictions, and
for some, perform dialysis at home. To enable people
with CKD do this, renal clinicians (and others) use a
range of educational and behavioural strategies to sup-
port self-management behaviours. However, clinicians
largely believe that if people have adequate knowledge
about what to do, they will engage in self-management
behaviours [1]. This is problematic because adequate
understanding of CKD and its management remains
bewildering for many who are attending specialist renal
services [2–5].
Technologies such as smart phones, tablets, laptops,

and other transportable devices are being increasingly
used to deliver information and educational support
programs to patients. eHealth includes a wide range of
devices and technologies (including websites, robotics,
alarms, and communication platforms) for the monitor-
ing, detection, management and treatment of individuals
[6]. A component of eHealth, ‘mHealth’ has more
recently been coined as a term describing the use of
mobile and wireless devices, exploiting the ability to
speak and message in real time [7]. Phone ‘Apps’ as a
type of mHealth have also become valuable tools as
medication alarms and reminders, monitoring devices,
and scheduling and education delivery systems [8]. The
millennial term, ‘digital divide’, refers to the socioeco-
nomic or age-related inequality of internet access and
technical literacy [9]. This is a serious issue impinging
on the use of mHealth, as many technologies assume
levels of computer knowledge and unrestricted internet
access that may not exist.
Internationally there are a number of educational

websites to inform people about CKD and its risk factors,
treatment options along the course of the disease
trajectory, as well as related diseases [6, 10]. However,
those with CKD are less likely than healthy adults to
access the internet [11, 12] or even know that information
is available [2, 6]. Determinants to internet access in the
CKD population include: access to a computer, techno-
logical literacy, and income and education levels [10, 11].
In those receiving haemodialysis (HD), previous studies
show that access the internet is 35% and 58% in the
United States and Canada respectively [13, 14]. Moreover,
clinicians tend to over-estimate patient access to and use
of these technologies to manage their health [15, 16].
The use of and potential for mHealth has not been

established in the Australian CKD population. Prior to
developing mHealth applications for this group of pa-
tients, this study sought to understand whether and how

individuals were accessing and using mobile phones and
the internet; and whether they used the internet to
gather any renal information. Knowledge of these deter-
minants will help identify the most effective education
platforms for this patient population.

Methods
Using a cross-sectional design, this study was con-
ducted at five renal services (2 regional, 3 metropolitan)
in Queensland, Australia. Inclusion criteria were: > 18 years;
attending a CKD outpatient clinic (regardless of CKD stage)
or dialysis unit with end-stage kidney disease (ESKD); and
able to read and write English, or have a family member
who could assist with the completion of the survey. People
with a cognitive impairment, limited English language
ability or who had a functioning kidney transplant were
excluded from the study. Data was collected over a nine-
month period between June, 2015 and March, 2016.

Sample size
Utilising the most conservative ‘rule of thumb’, 20
participants per item determined the study sample
size [17, 18]. This study therefore required a mini-
mum of 380 participants.

Instrument
Data was collected using a 38-item survey which
assessed factors associated with internet and mobile
phone use; barriers to access; types of information
accessed; and why and how information is accessed (see
Additional file 1). It was developed by the researchers
after a thorough investigation of the literature revealed
important topics and issues relating to patients’ informa-
tion needs and technology use. Items were a mixture of
multiple choice and short answer; such as “How often
do you access the internet?”; “Have you ever used the
internet to find information about your kidney health
condition?”; “Do you use your mobile phone for any of
the following activities?” The survey was designed to be
easily understood and completed by those with low
literacy levels (accessible to those at a primary school
reading level ability or above). It was first tested on a
sample of ten patients (who were not part of the main
study) who reported no difficulty in responding to items;
it was then implemented without alteration. Self-
reported demographic characteristics (age, gender, level
of education, employment status, and postcode) were
also collected. Due to the high prevalence of CKD in the
Australian indigenous population [19], participants were
also invited to indicate whether they identify themselves
as ‘Aboriginal’, ‘Torres Strait Islander’, or both, and have
therefore been grouped under the classification ATSI
(Aboriginal and/or Torres Strait Islander). Surveys were
completed in the waiting room of the renal outpatient
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clinic or dialysis unit and returned by placing in a secure
box or completed at home and returned in reply-paid
envelopes.

Data analysis
Statistical analysis was performed using IBM SPSS Ver-
sion 23.0 [20]. For analysis we grouped age into 18–40,
41–50, 51–60, 61–70 and > 71 years. Education level was
divided at those who did and did not complete high
school, as year 12 completion is an indicator of continuing
further education [21]. Categorical variables were de-
scribed using frequencies and percentages, and bivariate
relationships were explored using chi-square analysis. We
defined mobile phone use as: i) simple (only making voice
calls and short message service [SMS] sending and re-
trieval); ii) complex (simple use plus sending photos/vid-
eos, playing music/games, using phone calendar); and iii)
complex apps (use of phone applications such as banking,
social media, email, skype, online bookings, shopping).
Binary logistic regression was used to determine strength

and direction of relationships and to allow for adjustments
of demographic variables (age; gender; education; ethnicity;
employment; and remoteness [determined by postcode]).
Odds ratios (OR) and 95% confidence intervals (CI) were
reported. Multivariable models, to identify factors influen-
cing the use of mobile technologies and health information
access, were created using forward stepwise modelling
using demographic variables. This modelling technique
was chosen based on the number of variables, and the high
likelihood of multicollinearity in this subset of variables. A
significance level of p < 0.05 was used.

Results
Initially 720 surveys were collected across all sites
although 12 (1.7%) were excluded due to incompleteness
(< 80% of questions were answered, and/or crucial ques-
tions relating to internet and mobile phone use, funda-
mental to the research question, remained unanswered).
In total, 708 completed surveys were used in the final ana-
lysis. Just over half of the sample was male (55.2%) and
about half were aged > 61 years (51.6%). The largest por-
tion was 71 years of age and over (29.3%). The majority of
participants (83.1%) were not Aboriginal or Torres Strait
Islander (non-ATSI), while 11.7% self-identified as ATSI.
See Table 1 for demographic characteristics.

Mobile phone use
Most of the sample owned a mobile phone (n = 588,
83.5%); with most reporting that it was a smart phone
(n = 378, 64.3%) although 4.9% (n = 29) were unsure.
More than half (n = 456, 77.6%) could use the phone for
complex activities although this was mostly due to tak-
ing photos. Fewer indicated that they could use mobile
phone apps (n = 215, 36.6%). Mobile phone ownership

Table 1 Participant demographics

Number Percent

Site

Site 1 (Metropolitan) 243 34.3

Site 2 (Metropolitan) 137 19.4

Site 3 (Metropolitan) 143 20.2

Site 4 (Regional) 104 14.7

Site 5 (Regional) 81 11.4

Gender

Male 389 54.9

Female 316 44.6

Missing 3 0.4

Age

18–40 119 16.8

41–50 108 15.3

51–60 115 16.2

61–70 158 22.3

71+ 207 29.2

Missing 1 0.1

Ethnicity

ATSI 78 11.0

Non-ATSI 588 83.1

Prefer not to indicate or missing 42 5.9

Employment

Employed (F/T and P/T) 161 22.8

Unemployed 36 5.1

Pensioner / Retired 439 62.2

Other (Student/home duties) 70 9.9

Prefer not to indicate or missing 2 0.3

Education level

Did not complete high school 346 48.9

Year 12 or equivalent 345 48.7

Prefer not to indicate or missing 17 2.4

Region / remoteness

Major City 451 65.3

Inner Regional 129 18.7

Outer Regional and remote 111 16.1

Prefer not to indicate or missing 17 2.4

Currently receiving dialysis

Yes 269 38.5

No 429 61.5

Type of dialysis

Haemodialysis in hospital or satellite unit 219 81.4

Haemodialysis in the home 26 9.7

Peritoneal dialysis in the home 18 6.7

Missing 6 2.2

ATSI aboriginal and Torres Strait Islander, F/T full-time, P/T part-time
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was significantly more common in those ≤60 years of
age (p < 0.01), employed (p < 0.01), and those with
higher education levels (p < 0.01). There were no dif-
ferences for either ethnicity or whether or not on dia-
lysis (see Table 2).
Multivariate binary logistic regression showed

significant relationships between complex use and
age, ethnicity, and education levels (see Fig. 1a). Par-
ticipants aged ≤60 had over six times the odds of
using their mobile phone for more complex tasks
than did those aged 61 and over (OR: 6.01, CI: 3.55,
10.19, p < 0.001). Non-ATSI participants had over
three times the odds of complex phone use than did
those who identified as ATSI (OR: 3.22, CI: 1.58,
6.55, p = 0.001). Those who had obtained higher levels
of education had almost double the odds of complex
use (OR: 1.99, CI: 1.24, 3.19, p = 0.004).
Approximately one third (29.5%) of participants re-

ported that they had downloaded at least one mobile
phone application (e.g. Twitter, banking) in the past
month. When examining the complex apps use as a
demonstration of greater mHealth literacy, a similar
relationship was demonstrated between app use, age,
education, and employment; though employment was
seen to be more of a predictor than ethnicity (see
Fig. 1b). Younger participants (≤ 60 years) had over
four times the odds of complex app use (OR: 4.25,
CI: 2.67, 6.76, p < 0.001), while those who were

employed (OR: 1.83, CI: 1.15, 2.89, p = 0.01) and those
who had obtained higher levels of education (OR:
2.35, CI: 1.54, 3.58, p < 0.001) had approximately twice
the odds of complex app use.

Internet use
Of the total cohort who reported using the internet
(n = 491, 69.4%), most used it at home (n = 379,
89.4%) for more than 60 min per day (n = 252, 51.9%)
through a laptop (n = 113, 32.3%) or desktop com-
puter (n = 107, 30.6%). The most frequently reported
internet activities were checking emails (n = 395,
80.9%), searching/browsing the internet (n = 366,
74.5%), accessing social networks (n = 245, 50.2%),
accessing health information (n = 221, 45.3%), and
reading/watching the news (n = 217, 44.5%). A total of
217 participants (30.6%) reported that they did not
use the internet, of those more than half (n = 118,
54.4%) reported that they did not know how to use
the internet. A large number of participants also indi-
cated that hospitals should provide free access to
WiFi (n = 464, 70.3%).
Binary logistic regression modelling (see Fig. 1c) in-

dicated that four factors impacted on people’s odds of
having used the internet: age (participants ≤ age 60
had over seven times the odds of having used the
internet, OR: 7.36, CI: 4.25, 12.75, p < 0.001); employ-
ment (OR: 7.67, CI: 2.58, 22.78, p < 0.001); education
(OR: 3.69, CI: 2.38, 5.73, p < 0.001); and ethnicity
(OR: 6.98, CI: 3.50, 13.93, p < 0.001).

Searching the internet for information related to CKD
Just under half of the sample (n = 332, 49%) reported that
they had used the internet to seek specific information re-
garding their CKD. Only 189 participants (27.4%) reported
that their family had sought information about CKD on
the internet on request. Those seeking health information
online were younger (p < 0.01), less likely to be indigenous
(p = 0.03), and more likely to be employed (p < 0.01) and
have obtained higher educational qualifications (p < 0.01).
There was no difference between those who were or were
not receiving dialysis (see Table 3).
As age increased, there was a significant reduction in the

use of the internet to seek health information regarding
kidney ‘problems’ (renal impairment); from 78.8% ≤ age 40),
decreasing steadily to 19.1% (≤ age 70; χ2(4) = 137.389,
p < 0.01). Older participants were less likely to have
known of any websites for kidney patients, though no
age group had an explicit knowledge of these sites
(37.9% of those ≤40, decreasing to 10.8% of those > 71
(χ2(4) = 44.723, p < 0.01). Participants were also more
likely to have heard of kidney websites if they were on
dialysis (31.9% versus 19.7%; χ2(1) = 12.867, p < 0.01).

Table 2 Mobile phone ownership within demographic groups;
chi-square analyses

Demographic
Characteristics

Own A Mobile Phone

Frequency (%)

Do Not Own Mobile
Phone
Frequency (%)

p

Agea (n = 703)

60 and under 320 (94.1) 20 (5.9) < 0.01

61 and over 267 (73.6) 96 (26.4)

Ethnicitya (n = 664)

ATSI 60 (76.9) 18 (23.1) 0.11

Non-ATSI 493 (84.1) 93 (15.9)

Employmenta (n = 702)

Employed 156 (97.5) 4 (2.5) < 0.01

Retired/
unemployed

430 (79.3) 112 (20.7)

Educationa (n = 687)

Did not complete
high school

271 (78.6) 74 (21.4) < 0.01

Grade 12 and
over

305 (89.2) 37 (10.8)

Dialysisa (n = 694)

On dialysis 226 (84.3) 42 (15.7) 0.67

Non-dialysis 354 (83.1) 72 (16.9)

ATSI Aboriginal and Torres Strait Islander a analysis conducted on available data
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Figure 1d illustrates the impact of age, ethnicity and
education on searching the internet for renal health infor-
mation. Younger participants had 6.5 times the odds of
having used the internet to seek for renal health informa-
tion (OR: 6.51, CI: 4.42, 9.59, p < 0.001). Non-ATSI and
more educated participants had over 4 times the odds
(OR: 4.33, CI: 2.41, 7.79, p < 0.001) and 2.6 times the odds
(OR: 2.62, CI: 1.81, 3.78, p < 0.001), respectively.

Facilitators and barriers to mHealth
When participants were asked what mHealth technolo-
gies they would be willing to use to engage with their
healthcare team, the most common modalities indicated
were telephone calls (n = 400, 56.5%), followed by the
internet (n = 354, 50%), email (n = 342, 48.3%) and SMS
messages (n = 326, 46%; note: participants could indicate
more than 1 modality). Overall the perceived barriers to
using technologies were low although the barrier ‘do not
know how to use’ was indicated more frequently for
SMS messages (n = 94, 13.3%), emails (n = 112, 15.8%)
and visiting a website (n = 108, 15.2%).

Discussion
To our knowledge, this is the first study to identify the
use of mHealth in an Australian population of CKD pa-
tients. We found that patients older than 60 years, those
from an ATSI background, and those with lower levels

Fig. 1 Logistic regression model for odds of mobile phone and internet use. Odds ratios ±95% confidence intervals derived from logistic regression
for a) complex mobile phone use; b) complex mobile phone use (apps); c) internet use; and d) internet use to search for renal health information.
Dashed line at x = 1 indicates referent group (age> 61 years; ethnicity = ATSI; education= less than 12 years of schooling; employment = retired/unemployed)

Table 3 Participants who use the internet to search for renal
health information; chi-square analyses

Demographic
characteristics

Used the internet
to seek renal health
information
Frequency (%)

Did not use the internet
to seek renal health
information
Frequency (%)

p

Agea (n = 675)

60 and under 235 (70.1) 100 (29.9) < 0.01

61 and over 97 (28.5) 243 (71.5)

Ethnicitya (n = 640)

ATSI 25 (33.8) 49 (66.2) 0.03

Non-ATSI 296 (52.3) 270 (47.7)

Employmenta (n = 674)

Employed 114 (72.2) 44 (27.8) < 0.01

Retired/
unemployed

218 (42.2) 298 (57.8)

Educationa (n = 662)

Did not complete
high school

110 (33.6) 217 (66.4) < 0.01

Grade 12 and over 219 (65.4) 116 (34.6)

Dialysisa (n = 667)

On dialysis 127 (50.4) 125 (49.6) 0.71

Not on dialysis 203 (48.9) 212 (51.1)

ATSI Aboriginal and Torres Strait Islander a analysis conducted on available data
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of education (did not complete secondary school) were
engaging in only simple communications functions with
their mobile phones. Whereas younger, more educated
and employed patients could undertake more sophisti-
cated activities with their mobile phones and were also
more likely to use the internet. Our findings also indicated
that, regardless of age, the level of access to technology
(including mobile phone ownership) was high. While new
technologies for mHealth are being developed rapidly to
improve education, treatment, and service delivery for pa-
tients with a range of chronic diseases [6], our findings in-
dicate that a large number of patients with CKD will be
alienated from and excluded if there is a uniform move to
adopting these technologies.
In other chronic diseases such as heart failure, diabetes

and chronic obstructive pulmonary disease (COPD),
mobile phones are frequently used to deliver patient
education and self-management support [22–24]. When
utilised, mHealth (reminder services, systems, or book-
ing systems) can have beneficial impacts on health care
costs, self-efficacy, and clinical outcomes such as blood
pressure and glycated haemoglobin A1c [24–26]. Al-
though a number of studies have described the benefits
of these interventions, several systematic reviews have
found that the results of these studies were small or in-
conclusive [22, 24, 27–29]. High attrition rate is the
major issue facing many studies investigating technolo-
gies, with up to 78% of participants failing to use, or
rarely using the technologies being investigated [27, 30].
The common pattern of attrition in these studies has
often been explained by technological difficulties faced
by participants, the increased time burden of technology
interventions, and costs involved in maintaining these
services [31, 32]. Nevertheless patient-reported barriers
to mHealth tend to be due to technical problems or hav-
ing an aversion to using technology, and that is still a
preference for face-to-face interaction with health care
providers [27]. Simple, less time-consuming technology
which is user-friendly is more likely to be acceptable in
those with chronic disease [33].
Previous studies in kidney transplant recipients [9],

and other chronic diseases [15, 34] have also found that
sociodemographic characteristics (age, education level,
ethnicity) influences internet use. Our study found a low
prevalence of barriers related to a lack of knowledge on
computer use, disinclination or unwillingness to use,
and no access to a computer, reflecting the potential for
a digital divide in this population. These reasons are
comparable to the 2014–15 Australian Bureau of Statis-
tic (ABS) figures; reporting the main reasons for no
computer access as no need (63%), lack of confidence or
knowledge (22%), and cost (16%) [35]. Access to tech-
nology is associated with higher socioeconomic levels
(e.g. level of education and income. Park [36] argues that

there is a ‘double jeopardy’ of social exclusion and geo-
graphical remoteness contributing to the digital divide in
Australia. Regardless of location, the digital divide is fur-
ther exacerbated because the acquisition of digital liter-
acy skills are either not acquired or developed alongside
the growth of technology in everyday life. For those not
using these technologies, traditional methods of educa-
tion and service delivery ought to be retained.
Another possibility for low adoption of online services

and sites is that they are not tailored to suit the general
public’s digital and health literacies. Being able to locate
and navigate online sites can be challenging, and then
layering on the need to comprehend CKD-specific infor-
mation adds further complexity. CKD websites and You-
Tube vary greatly in the amount and type of information
provided, and these are rarely written at a literacy level
easily understood by the average CKD patient [37–39]. In
a review of eHealth studies, Irizarry [40] found that higher
health literacy capability contributed to the greater use of
technology, indicating that those not participating in on-
line services or programs would benefit the most from
additional face-to-face information and support. Our
results contribute to the importance of including CKD
patients when developing mHealth strategies. This ap-
proach is likely to improve useability and uptake by a
wider group of patients because the language, navigation,
interface, and content, reflect a broader range of digital
and health literacy capabilities [40].
There are currently a wide variety of online and

mHealth interventions, ‘apps’, monitoring and communi-
cation services, educational websites, forums, patient
portals and many more. There is no one superior model
for mHealth delivery and clinicians ought to select the
one most appropriate to their patient population. Ease
of use for the patient (and clinician) is likely the most
critical feature that dictates uptake and use of these
technologies [32]. The findings for our study indicate
that while many participants would be willing to use on-
line sources and services for their care, capability must
be thoroughly assessed prior to implementing as a strat-
egy for supporting self-management.

Limitations
The strength of this study was that the large sample
included both non-dialysis and receiving dialysis, those
attending renal services in both metropolitan and
regional areas, and ATSI people with CKD. The non-
dialysis group in this study were similar in age, gender
and ethnicity to those in the CKD Queensland registry
[41]. For those who were receiving dialysis age, ethnicity,
and mode of haemodialysis were consistent with the
Australian ESKD population in the Australian and New
Zealand Dialysis and Transplant registry although this
study had fewer peritoneal dialysis patients [42].
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However, there are limitations of this study. First, kidney
transplant recipients were excluded from this study war-
ranting further research for this group of patients. Sec-
ond, the instrument could have been designed with
either additional age groups (e.g. 81+, etc) or capture a
date of birth. Lastly, data was all self-reported and sub-
jected to recall bias. As CKD is more prevalent in older
adults and also the greatest increase in dialysis treatment
is in the groups aged 65 and over in Australia [42], fur-
ther research focussing on the barriers and facilitators of
using mHealth in both the dialysis and non-dialysis
groups are needed.

Conclusion
Mobile phone ownership is high across age, education
and socioeconomic status in Australia. Simple one-way
SMS messages are likely to reach and be read by those
with CKD and therefore would be useful for short, sim-
ple reminders to support self-management. Younger
people, particularly with earlier stages of CKD, would
benefit from more complex mHealth strategies that
focus of primary prevention or to improve adherence
with treatment. This study also offers a cautionary note
as this patient population is not homogenous with re-
spect to mHealth literacy and a one size fits all (or most)
approach is unlikely to work. Thorough assessment of
technology literacy by renal teams before deciding on
education formats is advisable. There is still a vital role
for face-to-face education and support for CKD patients.
Further research of interactive mHealth support strat-
egies, developed with both technology and health liter-
acies in mind could increase the adoption by a wider
group of patients.
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OR: Odds ratio; SMS: Short message service

Acknowledgements
The authors wish to acknowledge the contributions of Dr. Megan Rollo and
Prof Clare Collins from University of Newcastle for contribution to survey design
and insights into measurement of mHealth adoption.

Funding
This study was unfunded.

Availability of data and materials
The datasets generated and/or analysed during the current study are not publicly
available due ethical restrictions by the authorising HRECs.

Authors’ contributions
AB and KC conceived and designed the study. KC-W, BHs, BHy and JK were
responsible for data collection at their respective sites. JK, KC-W and KG

performed data entry and analysis. AB, KG and KH contributed to the
interpretation of data. AB, KG and KC-W drafted the manuscript. All
authors read and approved the final manuscript.

Ethics approval and consent to participate
Prior to undertaking the study, ethical approval was obtained for each
study site via the Metro South Human Research Ethics Committee (HREC/15/
QPAH/19), and also from the Queensland University of Technology (1500000370).
Participants were advised that the questionnaire was anonymous and that
completing the questionnaire would indicate consent.

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Author details
1School of Nursing, Queensland University of Technology, Brisbane, Australia.
2Kidney Health Service, Royal Brisbane and Women’s Hospital, Herston,
Australia. 3NHMRC Chronic Kidney Disease Centre of Research Excellence,
University of Queensland, Herston, Australia. 4Renal Service, Princess
Alexandra Hospital, Woolloongabba, Australia. 5Faculty of Health Sciences
and Medicine, Bond University, Gold Coast, Australia. 6School of Nursing and
Midwifery, Griffith University, Gold Coast, Australia. 7Renal Unit, Cairns
Hospital, Cairns, Australia. 8Renal Unit, Queanbeyan Hospital, Queanbeyan,
Australia.

Received: 14 August 2017 Accepted: 22 January 2018

References
1. Sadler E, Wolfe CDA, McKevitt C. Lay and health care professional

understandings of self-management: a systematic review and narrative
synthesis. SAGE Open Med 2014; 2: doi: 2050312114544493.

2. Burke MT, Kapojos J, Sammartino C, Gray NA. Kidney disease health literacy
among new patients referred to a nephrology outpatient clinic: CKD health
literacy. Int Med J. 2014;44(11):1080–6.

3. Finkelstein FO, Story K, Firanek C, Barre P, Takano T, Soroka S, Mujais S, Rodd
K, Mendelssohn D. Perceived knowledge among patients cared for by
nephrologists about chronic kidney disease and end-stage renal disease
therapies. Kidney Int. 2008;74(9):1178–84.

4. Gray NA, Kapojos JJ, Burke MT, Sammartino C, Clark CJ. Patient kidney
disease knowledge remains inadequate with standard nephrology
outpatient care. Clin Kidney J. 2016;9(1):113–8.

5. Welch JL, Ellis RJB, Perkins SM, Johnson CS, Zimmerman LM, Russell CL,
Richards C, Guise DM, Decker BS. Knowledge and awareness among patients
with chronic kidney disease stage 3. Nephrol Nurs J. 2016;43(6):513–9.

6. Diamantidis CJ, Becker S. Health information technology (IT) to improve the
care of patients with chronic kidney disease (CKD). BMC Nephrol. 2014;15(1):7.

7. World Health Organization [WHO]. mHealth: new horizons for health
through mobile technologies. In: Global observatory for eHealth series. 3.
Switzerland: WHO; 2011.

8. Davis TL, DiClemente R, Prietula M. Taking mHealth forward: examining the
core characteristics. JMIR mHealth uHealth. 2016;4(3):e97.

9. Lockwood M, Saunders M, Josephson MA, Becker YT, Lee C. Determinants of
frequent internet use in an urban kidney transplant population in the United
States: characterizing the digital divide. Prog Transplant. 2015;25(1):9–17.

10. Diamantidis CJ, Zuckerman M, Fink W, Hu P, Yang S, Fink JC. Usability of a
CKD educational website targeted to patients and their family members.
Clin J Am Soc Nephrol. 2012;7(10):1553–60.

11. Afsar B. The relation between internet and social media use and the
demographic and clinical parameters, quality of life, depression, cognitive
function and sleep quality in hemodialysis patients: social media and
hemodialysis. Gen Hosp Psych. 2013;35(6):625–30.

12. Diamantidis CJ, Fink W, Yang SM, Zuckerman MR, Ginsberg J, Hu P, Xiao Y,
Fink JC. Directed use of the internet for health information by patients with

Bonner et al. BMC Nephrology  (2018) 19:28 Page 7 of 8

dx.doi.org/10.1186/s12882-018-0830-8


chronic kidney disease: prospective cohort study. J Med Internet Research.
2013;15(11):e251.

13. Schatell D, Wise M, Klicko K, Becker BN. In-centre hemodialysis patients’ use
of the internet in the United States: a national survey. Am J Kidney Dis.
2006;48(2):285–91.

14. Schatell D. Web-based kidney education: supporting patient self-management:
web-based kidney education. Seminars in Dialy. 2013;26(2):154–8.

15. Romano MF, Sardella MV, Alboni F, Russo L, Mariotti R, Nicastro I, Barletta V, Di
Bello V. Is the digital divide an obstacle to e-health? An analysis of the situation
in Europe and in Italy. Telemedicine and e-Health. 2015;21(1):24–35.

16. Samal L, Hutton HE, Erbelding EJ, Brandon ES, Finkelstein J, Chander G.
Digital divide: variation in internet and cellular phone use among women
attending an urban sexually transmitted infections clinic. J Urban Health.
2010;87(1):122–8.

17. Vittinghoff E, McCulloch CE. Relaxing the rule of ten events per variable in
logistic and cox regression. Am J Epid. 2007;165(6):710–8.

18. Van Voorhis W, Carmen R, Morgan BL. Understanding power and rules of
thumb for determining sample sizes. Tutorials in Quant Methods for
Psychol. 2007;3(2):43–50.

19. Australian Institute of Health and Welfare [AIHW]. Chronic kidney disease in
aboriginal and Torres Strait islander people. Canberra: AIHW; 2011.

20. IBM. IBM SPSS statistics for windows. In., 23.0 edn. Armonk: IBM Corp; 2014.
21. Australian Bureau of Statistics [ABS]. Australian social trends March 2011:

year 12 attainment. In ABS catalogue no. 4102.0. Sydney: Commonwealth of
Australia; 2011.

22. de Waure C, Cadeddu C, Gualano MR, Ricciardi W. Telemedicine for the
reduction of myocardial infarction mortality: a systematic review and a
meta-analysis of published studies. Telemed and e-Health. 2012;18(5):323–8.

23. Hawkes AL, Patrao TA, Atherton J, Ware RS, Taylor CB, O’Neil A, Foreman R,
Oldenburg BF. Effect of a telephone-delivered coronary heart disease
secondary prevention program (ProActive heart) on quality of life and
health behaviours: primary outcomes of a randomised controlled trial. Int J
Behav Med. 2013;20(3):413–24.

24. Holtz B, Lauckner C. Diabetes management via mobile phones: a systematic
review. Telemed and e-Health. 2012;18(3):175–84.

25. Avery G, Cook D, Talens S. The impact of a telephone-based chronic disease
management program on medical expenditures. Pop Hlth. Manage. 2016;
19(3):156–62.

26. Ferrante D, Varini S, MacChia A, Soifer S, Badra R, Nul D, Grancelli H, Doval
H, Investigators G. Long-term results after a telephone intervention in
chronic heart failure: DIAL (randomized trial of phone intervention in
chronic heart failure) follow-up. J Am College Cardiol. 2010;56(5):372–8.

27. Gorst SL, Armitage CJ, Brownsell S, Hawley MS. Home telehealth uptake and
continued use among heart failure and chronic obstructive pulmonary
disease patients: a systematic review. Annals Behav Med. 2014;48(3):323–36.

28. Katz R, Mesfin T, Barr K. Lessons from a community-based mHealth diabetes
self-management program: “It's not just about the cell phone”. J Hlth
Communication. 2012;17(sup1):67–72.

29. Eland-de Kok P, van Os-Medendorp H, Vergouwe-Meijer A, Bruijnzeel-
Koomen C, Ros W. A systematic review of the effects of e-health on
chronically ill patients. J Clin Nurs. 2011;20(21–22):2997–3010.

30. Goh G, Tan NC, Malhotra R, Padmanabhan U, Barbier S, Allen JC, Ostbye T.
Short-term trajectories of use of a caloric-monitoring mobile phone app
among patients with type 2 diabetes mellitus in a primary care setting. J
Med Internet Research. 2015;17(2):36–48.

31. Seto E, Leonard KJ, Masino C, Cafazzo JA, Barnsley J, Ross HJ. Attitudes of
heart failure patients and health care providers towards mobile phone-
based remote monitoring. J Med Internet Research. 2010;12(4):e55.

32. Mignerat M, Lapointe L, Vedel I. Using telecare for diabetic patients: a mixed
systematic review. Hlth policy and. Technology. 2014;3(2):90–12.

33. Tsang JY, Blakeman T, Hegarty J, Humphreys J, Harvey G. Understanding the
implementation of interventions to improve the management of chronic
kidney disease in primary care: a rapid realist review. Implementation Sci.
2016;11(1):47.

34. Sarkar U, Karter AJ, Liu JY, Adler NE, Nguyen R, López A, Schillinger D. Social
disparities in internet patient portal use in diabetes: evidence that the
digital divide extends beyond access. J Am Med Informatics Assoc. 2011;
18(3):318–21.

35. Australian Bureau of Statistics [ABS]. Household use of information
technology, Australia, 2014-15. In th Multipurpose Household Sruvey for
2014-15. Sydney: Commonwealth of Australia; 2016.

36. Park S. Digital inequalities in rural Australia: a double jeopardy of
remoteness and social exclusion. J Rural Studies. 2017;54:399–407.

37. Morony S, Flynn M, McCaffery KJ, Jansen J, Webster AC. Readability of
written materials for CKD patients: a systematic review. Am J Kidney Dis.
2015;65(6):842–50.

38. Garg N, Venkatraman A, Pandey A, Kumar N. YouTube as a source of
information on dialysis: a content analysis. Nephrol. 2015;20(5):315–20.

39. Lutz ER, Costello KL, Jo M, Gilet CA, Hawley JM, Bridgman JC, Song MK. A
systematic evaluation of websites offering information on chronic kidney
disease. Nephrol Nurs J. 2014;41(4):355–63.

40. Irizarry T, Dabbs AD, Curran CR. Patient portals and patient engagement: a
state of the science review. J Med Internet Research. 2015;17(6):e148.

41. Zhang J, Wang Z, Healy HG, Venuthurupalli SK, Tan KS, Fassett RG, Cameron
A, Hoy WE. An overview of patients with chronic kidney disease, and their
outcomes, in the Australian CKD.QLD registry (2011-2015). Nephrol. 2017;
21(Supp S2):208.

42. Australia and New Zealand Dialysis and Transplant [ANZDATA] Registry. 39th
report. Adelaide: ANZDATA; 2017. Available at: http://www.anzdata.org.au.
Accessed 28 Oct 2017

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Bonner et al. BMC Nephrology  (2018) 19:28 Page 8 of 8

http://www.anzdata.org.au

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Sample size
	Instrument
	Data analysis

	Results
	Mobile phone use
	Internet use
	Searching the internet for information related to CKD
	Facilitators and barriers to mHealth


	Discussion
	Limitations

	Conclusion
	Additional file
	Abbreviation
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

